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INTRODUCTION

In the previous report it was stated that we have sxiended our 'auto vary’
programs to include 3s and 3p functions in addition to 18, 2s and 2p functions
for the computation of the potential energy curves of the different states of
the diatamic molecules. In that report we have also stated that our predicted
work on the unknown NF molecule, which was reparted in the RASA Progress Resport
N65-857-T1, April 1965 and later in NASA CR-688, has been confirmed experi-
mentally and reported by A. E. Dougles and W. B. Jones at the Symposium on
Molecular Structure and Spectroscopy at Columbus, Ohio, U.S.A. on September 1966.
Recently A. E. Douglas end W. E, Jones have published a paper in the Can. J.
Physics., 1966, 4, 2251 and have confirmed our thecretically predicted results
for the R, (equilibriun distance) end excitation emersy of b 'r' state in addi-
tion to the ground state of NF which they confirmed previously. Our theoretical
work on NF has also been accepted in the Transactions of the Faraday Society.
Our vork on the unknown NF molecule has thus confirmed the soundness of our work
on the quantum mechanical computation of the wave functions and potential energy
curves of the different states of diatomic molecules.

We are now developing programs for the configuration interaction treatment
and also for determining the properties of the diatomic molecules. We hope to
report some of these results in the coming report. We owe much of the success
of this work to the excellent computing facilities and ccoperation of the
personnel of the Institute for Space Studies, 2880 Broadway, Rew York, New York

anpd the Goddard Space Flight Center, Oreenbelt, Mervisand.
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Work carried out during tha above pericd cen be given under the following
aeadings:

(1) Computation of the Excited States of CO Molecule.

(2) Calculation of the Wave Punctions and Potential Energy Curves of the
Hydrides of the First Oroup of the Periodic Table with Complete Set
1s, 2a and 2p for Both Atoms.

(3) Calculation of the Wave Functions and Potential Energy Curves of the
Ground and Ionized States of H, Molecule.

(4) Development of Moleculer Constant Programs.

(5) Development of the ‘Properties-Integrals’ Programs for the I.B.M. 360-70

Computer.
{1) utat ion of the Excited States of CO Molecule.
>4 . and B. C. tawvhney

In previous reparts we have stated that we have carried out the quantum
mechanical treatment of the ground and ilonized states of CO and camputed their
potential energy (P.E.) curves. We bave extended this treatment to the excited
states of CO. As in the previous calculations we bave optimized both the ICAO
coufficlents and the screening comstsats of the stomic crbitals {A.0.) in these
calculations. A number of calculations have been carriedoout to find if it were
possible to compute the vericus excited states from the same set of screesning
constants to avoid optimizing the screening constants of every state at each
iznternuclear distance. For this purpose each of the statas has been computed by
optinizing its screening constants individually es well as with the optimized
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will be discussed in the coming report.

(2) Calculation of the Wave Functions and Potentia) Energy Curves of the
des of the First Group of the Periodic Iable with Complete o6t
1s, 28 and 2p for both Atcus.

~%7 R. €. Babnl, C. D. 1= Budde and B, C. Savhoey

In the previous report it was mentioned thet since the hydrides are
the simplest diatomic molecules, with hydrogen atom on one nucleus, it is intend-
ed to carry out extensive calculations of these molecules to understand the
structure of distomic molecules. In general, the calculations carried out on
hydrides have involved only 1s orbital on hydrogen and very seldcm attempts have
been made to include 28 and 2p AO'S on hydrogen atom. We bhave for our computetion
included camplete set of 1s, 25 and 2p orbitals for both atoms. Our calculations
are in & way using a large extended set of orbitals than hitherto used for these
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lwdr.:lé.es. We are still working on scme of these hydrides and hopes to describe
the det_ails of the results in the coming report.
(3) cCalculation of the Wave Functions and Potential Energy Curves of the
Ground and YonIzed States of W, Nolecule.
by R. C. Sannl, C. D. I# Budde and B. C. Sawhney

In one of the previcus reports we mentioned that we have succeeded in
extending our calculations to incluje 33 and 3p functions. We also described the
conplexity of the problem that we have to calculate 4398 integrale instead of
523 integrals required without inclusion of 3s and 3p functions. Moreover, the
integrals involving 3a and 3p functions are much more complex and tedious to
calculate. E£ince these extended calculations involve several times more computer
time than the calculation with the limited set, we have extensively developed
programs to cut down the camputer time. We are happy to report thet we have
succeeded in this attempt and the computation with the extended set is now
minageable with the presemt computer facilities. We have carried out success-
fully some calculation on the ground and ionized states of n2 molecule, We
hope to report sawe of this work in the coming report.

{4) Development of Molecular Constant Programs.
by D. C. Jain and K. C. Sam3i B

In the previous report it was stated that Br. D. C. Jain was busy in
transforming his molecular comstant programs from the I.B.M. 7094 computer to
the I.B.M. 360-T0 computer. All these programs are now working in double pre-
cision. Dr. D. C, Jain has used his programs to a nuuber of problems. Be has
successfully carried out the wvariation of trapsition moment in same band systems
of the R2 molecule. This work bas been accepted for publication in the Jownal
of the JQuantitastive Spectroscopy and Kediation, Pergamon Prass Ltd. 2nd will
shortly appear. A brief summery of this work is given below:

"The variation of the electronic transition mowent with the internuclear
sezparation hes been stuiied in the first positive, the second positive and the
Vegard-Kaplan bend systems of Ne by using the Franck-Condon factors based on the
Rydberg-Klein-Rees potential energy curves. The 'smoothed' relative band strengtns
and the relative intensities at infinite temperature have also been reported for
these band systems.”

(5) Development of the ‘Propertisa-Integrals' Programs for the I.B.M. 360-T0

2 Sye—
. C. Savhney and M. J. Hanley

In the previous report it was stated that ‘Properties Integrals'
programs were near campletion for I.B.M. 360-70 computer. These programs deal
with both Bomo-polar and Hetero-polar molecules. So far these programs vere
limited to 1s, 2s and 2p functions. During the period of this report these
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programs have been exiended to include 3s and 3p functions. Once owr potentinl
enerzy curves for different states of Ne with extended set containing 3s and 3p
functions are computed ws will use these programs to compute the properties of
diatomic molecules.

PUBLICATIONS

{a) Turing this period the folloving papers of the group have been published:

(o)

1.

2.

3.

1.

Quantum Mechanicel Treatment of Molecules., Part 2.—Calculation of
the Poteatial Energy Curves and Moleculsr Constants of the X 37,

A % end B %" Tonized States of €O, by R. C. Sahni and B. C. Sawhoey,
Trans. Faraday Soc., 63, 1, {1967).

Trensition Probebility Parameters of the Pand Systema. of CQ*', by
D. C. Jain and R. C. S&Imi, J. Quant. Smemsc. Radiat. mar@r,
6, pp T05-T15, Pergauon Press Itd.,(1966).

Quantum Mechanical Study of Molecules: Pradiction of the Ground,
Ionized and Excited States of the Unimown NF Molecule, by R. C. Sahni,
HABA CR-688, January 1967.

follouwing papers have been accepted for publication:

Quantum Machanical Trestnent of Molecules. Peart 3.—Prediction of
Blsctronic Statas of M by A Comparative Study of the Dlsctronic
States of 12, co, O2 end NF Molacules, by R, C. Salmi, Trans.

Faraday Soc.

Einstein A Coefficients, Oescillator Strengths and Absolute Bend
Strengths for the First Begative System, and Frenck-Condon Fuctors

for the Second Negative System of N, by D. C. Jein snd R. C. Sahni,
Int. J. of Quant. Chem. '



